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Abstract
Using the off-shell formulation for general N = 2 supergravity-matter sys-
tems developed in arXiv:0905.0063, we propose a construction to generate a
restricted chiral superfield from any real weight-zero projective multiplet L.
One can choose L to be composed of tensor multiplets, O(2n) multiplets, with
n = 2, 3, . . . , and polar hypermultiplets. In conjunction with the standard pro-
cedure to induce a N = 2 linear multiplet from any chiral weight-one scalar, we
obtain a powerful mechanism to generate higher-derivative couplings in super-
gravity. In the case that L is a homogeneous function of n tensor multiplets of
degree zero, we show that our construction is equivalent to that developed by
de Wit and Saueressig in arXiv:hep-th/0606148 using the component supercon-
formal tensor calculus. We also work out nontrivial examples with L composed
of O(2n) and tensor multiplets.
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1 Introduction
Recently, an off-shell formulation for general N = 2 supergravity-matter couplings
in four space-time dimensions has been constructed [1, 2, 3]. It is a curved-space
extension of the superconformal projective multiplets and their couplings [4] in 4D
N = 2 projective superspace [5, 6, 7]. In the present paper, we will demonstrate that
the methods developed in [1, 2, 3] and closely related works [8, 9] allow us to generate
1
new off-shell higher-derivative couplings in N = 2 supergravity, a problem which has
been of some interest recently [10, 11].
The construction we pursue in this paper is based on a duality between two basic
off-shell representations of N = 2 supersymmetry – the vector multiplet [12] and the
tensor multiplet [13]. The vector multiplet can be described in curved superspace by
its covariantly chiral field strength W subject to the Bianchi identity1 [12, 14]
D¯α˙i W = 0 , Σ
ij :=
1
4
(
Dα(iDj)α + 4S
ij
)
W =
1
4
(
D¯α˙
(iD¯j)α˙ + 4S¯ij
)
W¯ , (1.1)
where Sij and S¯ij are special dimension-1 components of the torsion. The superfield
Σij is real, Σ¯ij := (Σ
ij)∗ = εikεjlΣ
kl, and obeys the constraints
D(iαΣ
jk) = D¯(iα˙Σ
jk) = 0 . (1.2)
These constraints are characteristic of the N = 2 linear multiplet [15, 16].2
There are several ways to realize W as a gauge invariant field strength. One
possibility is to introduce a curved-superspace extension of Mezincescu’s prepotential
[19] (see also [20]), Vij = Vji, which is an unconstrained real SU(2) triplet. The
expression for W in terms of Vij is
W =
1
4
∆¯
(
Dij + 4Sij
)
Vij , (1.3)
where ∆¯ is the chiral projection operator (B.4). Within the projective-superspace
approach of [1, 2, 3], the constraints on W can be solved in terms of a real weight-
zero tropical prepotential V (vi). The solution [8] is
W =
1
8π
∮
vidvi
(
(D¯−)2 + 4S¯−−
)
V (v) , (1.4)
D+αV = D¯
+
α˙V = 0 , V (c v
i) = V (vi) , V˘ = V .
Here vi ∈ C2\{0} denote homogeneous coordinates for CP 1, and the contour integral
is carried out around the origin in CP 1; see Appendix C for our isotwistor notation
1Such a superfield is often called reduced chiral.
2Our curved-superspace conventions follow Ref. [3]. In particular, we use Howe’s superspace
realization [14] (see also [18]) of N = 2 conformal supergravity in which the structure group is
SL(2,C) × U(2). The relevant information about Howe’s formulation is collected in Appendix A.
In what follows, we will use the notation: Dij := Dα(iD
j)
α and D¯ij := D¯α˙(iD¯j)α˙. It should be
noted that Howe’s realization of N = 2 conformal supergravity [14] is a simple extension of Grimm’s
formulation [17] with the structure group SL(2,C)× SU(2). The precise relationship between these
two formulations is spelled out in [3].
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and conventions, including the definition of the covariant derivatives D±α and D¯
±
α˙ . We
discuss the relations between these two formulations in Appendix E.
In the rigid supersymmetric case, the representation (1.4) can be derived from a
more general result in harmonic superspace [21, 22]
W =
1
4
∫
du (D¯−)2V ++ , (1.5)
which is given in terms of an analytic prepotential V ++(u+i , u
−
j ) for the vector multi-
plet [23]. Such a derivation makes use of the singular reduction procedure introduced
in [24]. This has been carried out explicitly in five space-time dimensions [25]. Un-
fortunately, a curved-superspace generalization of (1.5) has not yet been found.
The tensor (or linear) multiplet can be described in curved superspace by its
gauge invariant field strength Gij which is defined to be a real SU(2) triplet (that is,
Gij = Gji and G¯ij := (G
ij)∗ = Gij) subject to the covariant constraints [15, 16]
D(iαG
jk) = D¯(iα˙G
jk) = 0 . (1.6)
These constraints are solved in terms of a chiral prepotential Ψ [20, 26, 27, 28] via
Gij =
1
4
(
Dij + 4Sij
)
Ψ+
1
4
(
D¯ij + 4S¯ij
)
Ψ¯ , D¯iα˙Ψ = 0 , (1.7)
which is invariant under shifts Ψ → Ψ + iΛ, with Λ a reduced chiral superfield.
Associated with Gij is the real O(2) projective multiplet G++(v) := Gijvivj [1, 2, 3].
The constraints (1.6) are equivalent to
D+αG
++ = D¯+α˙G
++ = 0 , D+α := viD
i
α , D¯
+
α˙ := viD¯
i
α˙ . (1.8)
The above properties of vector and tensor multiplets are related and complemen-
tary. In fact, they can be used to generate linear multiplets from reduced chiral
ones and vice versa. Consider a system of nV Abelian vector multiplets described
by covariantly chiral field strengths WI , I = 1, . . . , nV . Let F (WI) be a holomorphic
homogeneous function of degree one, F (cWI) = c F (WI). Then, we can define a
composite linear multiplet
G
ij :=
1
4
(
Dij + 4Sij
)
F (WI) +
1
4
(
D¯ij + 4S¯ij
)
F¯ (W¯I) . (1.9)
Using the algebra of the covariant derivatives, one can check that Gij indeed obeys
the constraints (1.6) and that the construction is invariant under shifts of the form
F (WI)→ F (WI) + i rJWJ , (1.10)
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for real constants rJ . Eq. (1.9) is a standard construction to generate composite
linear multiplets. Of course, the construction (1.9) is a trivial application of (1.7).
Conversely, we may take a system of nT tensor multiplets described by their field
strengths GijA, with A = 1, . . . , nT , and let G
++
A := vivjG
ij
A be the corresponding
covariant O(2) multiplets. Let L(G++A ) be a real homogeneous function of degree
zero, L(cG++A ) = L(G
++
A ), and thus L(G
++
A ) is a covariant real weight-zero projective
multiplet. Then, we can generate a composite reduced chiral multiplet defined by
W =
1
8π
∮
C
vidvi
(
(D¯−)2 + 4S¯−−
)
L(G++A ) . (1.11)
The integration in (1.11) is carried over a closed contour C in C2 \ {0}. Similarly
to eq. (1.4), the right-hand side of (1.11) involves a constant isospinor ui chosen to
obey the constraint (v, u) := viui 6= 0, but otherwise is completely arbitrary. Using
the constraints
D+αL(G
++) = D¯+α˙L(G
++) = 0 , (1.12)
one can check that the right-hand side of (1.11) is invariant under arbitrary projective
transformations of the form:
(ui , vi) → (ui , vi)R , R =
(
a 0
b c
)
∈ GL(2,C) , (1.13)
and the same property holds for the right-hand side of (1.4). This invariance guaran-
tees that (1.4) and (1.11) are independent of the isospinor ui. Of course, the reduced
chiral construction (1.11) is a simple application of (1.4).
The relation (1.11) is an example of applying our new construction to generate
composite reduced chiral multiplets. This construction will be derived in the main
body of the paper. A rigid supersymmetric version of (1.11) was described for a special
case by Siegel twenty-five years ago [29]. More recently, it has been rediscovered and
fully elaborated by de Wit and Saueressig [30] in a component approach using the
superconformal tensor calculus to couple it to conformal supergravity, but without a
contour-integral representation.
This paper is organized as follows. In section 2 our main construction, eq. (2.11),
is derived. As a simple application, in section 3 we consider the improved tensor
multiplet. We also analyse implications of fixing the super-Weyl gauge freedom with
a tensor multiplet. Section 4 is devoted to a general system of self-interacting ten-
sor multiplet. We demonstrate that our superfield construction makes it possible to
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re-derive, in a simple way, the key results of [30] obtained originally within the su-
perconformal tensor calculus. In section 5 we show how to construct reduced chiral
multiplets out of O(2n) multiplets. In section 6 we discuss the new higher-derivative
couplings and some other implications of our approach. The main body of the paper
is accompanied by five technical appendices. In appendix A we give a summary of
the superspace geometry for N = 2 conformal supergravity introduced originally in
[14] and elaborated in [3]. Appendix B describes the properties of the N = 2 chiral
projection operator. Appendix C contains our isotwistor notation and conventions
for projective superspace. In Appendix D we describe manifestly SU(2)-covariant
techniques to evaluate contour integrals in CP 1. Finally, Appendix E is devoted to
two prepotential formulations for the N = 2 vector multiplet.
2 Main construction
Within the formulation for N = 2 supergravity-matter systems developed in [3],
the matter fields are described in terms of covariant projective multiplets. In addition
to the local N = 2 superspace coordinates zM = (xm, θµi , θ¯
i
µ˙), such a supermultiplet,
Q(n)(z, v), depends on auxiliary isotwistor variables vi ∈ C2 \ {0}, with respect to
which Q(n) is holomorphic and homogeneous, Q(n)(c v) = cnQ(n)(v), on an open
domain of C2 \ {0}. The integer parameter n is called the weight of Q(n). In other
words, such superfields are intrinsically defined in CP 1. The covariant projective
supermultiplets are required to be annihilated by half of the supercharges,
D+αQ
(n) = D¯+α˙Q
(n) = 0 , D+α := viD
i
α , D¯
+
α˙ := vi D¯
i
α˙ , (2.1)
with DA = (Da,D
i
α, D¯
α˙
i ) the covariant superspace derivatives. The dynamics of
supergravity-matter systems are described by locally supersymmetric actions of the
form [3]:
S(L++) =
1
2π
∮
C
vidvi
∫
d4x d4θ d4θ¯ E
WW¯L++
(Σ++)2
, E−1 = Ber(EA
M) , (2.2)
with Σ++(v) := Σijvivj . Here the Lagrangian L++(z, v) is a covariant real projective
multiplet of weight two. The vector multiplet W is used as a supergravity compen-
sator and Σij is defined as in (1.1). As shown in [9], the action (2.2) can be written
as an integral over the chiral subspace
S(L++) =
∫
d4x d4θ EW W ,
W =
1
8π
∮
C
vidvi
(
(D¯−)2 + 4S¯−−
)
V , V :=
L++
Σ++
. (2.3)
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It was also proved in [9] that W is a restricted chiral superfield.
We now give an alternative chiral representation for the action (2.2) in the case
that L++ has the form
L++ = G++L , (2.4)
where G++ is a tensor multiplet, and L is a real weight-zero projective multiplet,
D+αL = D¯
+
α˙L = 0 , L(c v
i) = L(vi) , L˘ = L . (2.5)
Rewriting G++ in terms of its chiral potential Ψ (1.7),
G++(v) =
1
4
(
(D+)2 + 4S++
)
Ψ+
1
4
(
(D¯+)2 + 4S¯++
)
Ψ¯ , D¯iα˙Ψ = 0 . (2.6)
one may rearrange (2.2) into the form
S(G++L) =
1
2π
∮
C
vidvi
∫
d4x d4θd4θ¯ E
ΨW¯L
Σ++
+ c.c. (2.7)
This can be reduced to a chiral integral by acting with the chiral projector ∆¯ defined
by eq. (B.4) (see [9] for a detailed derivation)
S(G++L) =
1
2π
∫
d4x d4θ E ∆¯
∮
C
vidvi
ΨW¯L
Σ++
+ c.c. (2.8)
Now, it only remains to make use of an important representation discovered in [9].
Specifically, given an arbitrary isotwistor superfield U (−2)(z, v) of weight −2 (see [1]
for the definition of isotwistor supermultiplets), it was shown in [9] that
∆¯
∮
vidvi U
(−2) =
1
16
∮
vidvi
(
(D¯−)2 + 4S¯−−
)(
(D¯+)2 + 4S¯++
)
U (−2) . (2.9)
Applying this representation to (2.7) gives
S(G++L) =
∫
d4x d4θ E ΨW + c.c. , (2.10)
where we have introduced the following composite chiral superfield:
W =
1
8π
∮
C
vidvi
(
(D¯−)2 + 4S¯−−
)
L , D¯α˙i W = 0 . (2.11)
Because Ψ is defined only up to gauge transformations
δΨ = iΛ , D¯α˙i Λ =
(
Dα(iDj)α + 4S
ij
)
Λ−
(
D¯α˙
(iD¯j)α˙ + 4S¯ij
)
Λ¯ = 0 , (2.12)
the superfield W must indeed be reduced chiral,(
Dα(iDj)α + 4S
ij
)
W =
(
D¯α˙
(iD¯j)α˙ + 4S¯ij
)
W¯ . (2.13)
We present a more direct proof of this result in Appendix E.
6
3 The improved tensor multiplet
The improved N = 2 tensor multiplet [31, 32] is a unique theory of the N = 2
tensor multiplet which is superconformal in the rigid supersymmetric case, and super-
Weyl invariant in the presence of conformal supergravity. This theory is a natural
generalization of the improved N = 1 tensor multiplet [33]. It occurs as a second
compensator in the minimal formulation of N = 2 Poincare´ supergravity proposed by
de Wit, Philippe and Van Proeyen [31]. Within the projective-superspace formulation
for N = 2 supergravity [1, 2, 3], the Lagrangian for the tensor compensator is
L++ = G++ ln
(
G++/iΥ+Υ˘+
)
, (3.1)
see [2] for more details. Here Υ+ is a weight-one arctic hypermultiplet, and Υ˘+
its smile-conjugate. As shown in [2, 9], the superfields Υ+ and Υ˘+ are pure gauge
degrees of freedom in the sense that they do not contribute to the tensor compensator
action. Using the formulation (2.10) and (2.11), the tensor compensator action can
be rewritten as a chiral action of the form
S =
∫
d4x d4θ E ΨW + c.c. , (3.2)
where W denotes the following reduced chiral scalar
W =
1
8π
∮
C
vidvi
(
(D¯−)2 + 4S¯−−
)
ln
(
G++/iΥ+Υ˘+
)
. (3.3)
It can be seen that the arctic multiplet Υ+ and its conjugate Υ˘+ do not contribute
to the contour integral, and so they will be ignored below. Our goal in this section is
to evaluate (3.3) as well as to study the properties of W.
3.1 Evaluation of the contour integral
We begin by evaluating the derivatives in (3.3):
W =
1
8π
∮
C
vidvi
(
(D¯−)2G++
G++
−
D¯−α˙G
++D¯α˙−G++
(G++)2
+ 4S¯−− lnG++
)
. (3.4)
It follows from first principles that (3.3) is invariant under the projective transfor-
mations (1.13) and therefore independent of ui. We wish to show explicitly that all
of the u-dependence in the integrand (3.4) can be eliminated using the properties of
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the tensor multiplet. First, using the constraints (1.6) and the (anti)commutation
relations (A.3b), one can show that
D¯−α˙G
++ =
2
3
χ¯+α˙ ≡
2
3
χ¯iα˙vi , (3.5a)
(D¯−)2G++ + 8S¯−−G++ − 4S¯−+∂−−G++ =
1
3
M¯ , (3.5b)
where we have defined
χ¯α˙i := D¯α˙kG
ki , (3.6a)
M¯ :=
(
D¯jk + 12S¯jk
)
Gjk . (3.6b)
Using these formulae, we rewrite W as
W =
1
8π
∮
C
vidvi
(
1
3
M¯
G++
−
4
9
χ¯+χ¯+
(G++)2
+ 4∂−−
(
S¯−+ logG++
)
− 8S¯−−
)
. (3.7)
The terms involving S¯ explicitly in this expression can be rearranged into
1
8π
∮
C
vidvi ∂
−−
(
4S¯−+ logG++ − 8S¯−+
)
(3.8)
and so they vanish using integration by parts (see Appendix D for technical details).
We are left with
W =
1
8π
∮
C
vidvi
(
1
3
M¯
G++
−
4
9
χ¯+χ¯+
(G++)2
)
. (3.9)
The contour integral in (3.9) can be evaluated in a manifestly SU(2) covariant
way using the technique described in Appendix D. Making use of the result (D.20)
leads to
W = −
1
24G
M¯ +
1
36G3
χ¯iχ¯jGij , (3.10)
where
G2 :=
1
2
GijGij . (3.11)
This expression (up to normalizations) was discovered originally in [31] using the
superconformal tensor calculus. It was later reconstructed in curved superspace [28]
with the aid of the results in [31] and [29]. Its contour origin was explored in the
globally supersymmetric case by Siegel [29]. Here we have derived it from superfield
supergravity and shown its contour integral origin, eq. (3.3), for the first time.
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A curious feature of the reduced chiral superfield (3.10) is that it can be rewritten
in a more elegant and compact form
W = −
G
8
(D¯ij + 4S¯ij)
(
Gij
G2
)
. (3.12)
Its rigid supersymmetric version appeared in our recent work on N = 2 supercurrents
[34]. It is a laborious task to check that this does indeed match (3.10) in supergravity
by straightforwardly applying the properties of the tensor multiplet. We will demon-
strate the equivalence of (3.12) to (3.10) via an indirect route, through the use of
super-Weyl transformations [14, 3]. Using the representation (3.12), it is easy to
show that the super-Weyl transformation law of W coincides with that of the vector
multiplet field strength.
3.2 Super-Weyl gauge fixing with a tensor multiplet
Within Howe’s formulation for N = 2 conformal supergravity [14], the super-Weyl
transformation law of the spinor covariant derivatives is
δDiα =
1
2
σDiα + 2(D
γiσ)Mγα − 2(Dαkσ)J
ki −
1
2
(Diασ) J , (3.13a)
δD¯α˙i =
1
2
σD¯α˙i + 2(D¯
γ˙
i σ)M¯γ˙α˙ + 2(D¯
k
α˙σ)Jki +
1
2
(D¯α˙iσ) J , (3.13b)
where the transformation parameter σ is real unconstrained, and Mαβ , Jij and J
denote the Lorentz, SU(2)R and U(1)R generators respectively, see [3] and Appendix
A for more details. The super-Weyl transformations of the torsion and the curvature
are given in [3]. The field strengths of the vector multipletW and the tensor multiplet
Gij transform as primary fields,
δσW = σW , (3.14a)
δσG
ij = 2σGij . (3.14b)
The composite reduced chiral superfield (3.12) transforms as the vector multiplet field
strength.
In N = 2 supergravity, one of the two conformal compensators is usually a vector
multiplet W (see, e.g., [31] for more details), W 6= 0. Usually, the super-Weyl invari-
ance is fixed by imposing a condition on W . Specifically, one may use the super-Weyl
and local U(1)R freedom to impose the gauge condition
W = 1 . (3.15)
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This amounts to switching off the spinor U(1)R connections,
Φiα = Φ
α˙
i = 0 , (3.16)
along with certain restrictions [14, 3] on the torsion, namely
Gij
αβ˙
= 0 , Sij = S¯ij , (3.17)
as well as identifying the torsion Gαβ˙ with the U(1)R vector connection
Gαβ˙ = Φαβ˙ . (3.18)
If the second conformal compensator is a tensor multiplet Gij , with G2 6= 0, we
may instead choose this multiplet to fix the super-Weyl gauge freedom. Specifically,
we may use the super-Weyl gauge freedom to impose the condition
G2 =
1
2
GijGij = 1 . (3.19)
This fixes Gij to be a unit isovector subject to the tensor multiplet constraints (1.6).
Actually, these constraints are sufficient to enforce that Gij is covariantly chiral and
antichiral. To prove the former, note that (1.6) is equivalent to
DiαGjk =
2
3
δi(jD
mGk)m . (3.20)
It follows that
GijD
j
αG
2 = GijG
klDjαGkl =
2
3
G2DjαGji . (3.21)
When we set G2 = 1, (3.21) must vanish, which in turn implies that (3.20) must
vanish as well. Because Gij is real, we may conclude that it must be both chiral and
antichiral in this gauge.
These conditions have a number of interesting consequences for the superspace
geometry. In accordance with (A.3a), the consistency condition for Gij being chiral
reads
0 = {Diα,D
j
β}G
kl = 2ǫαβǫ
ijSmnJmnG
kl + 4YαβJ
ijGkl . (3.22)
This condition and its conjugate imply
Yαβ = 0 , Y¯α˙β˙ = 0 ; (3.23)
Sij ∝ Gij , S¯ij ∝ Gij . (3.24)
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Because Yαβ vanishes, S
ij is now completely antichiral
DkαS
ij = 0 , (3.25)
due to the dimension-3/2 Bianchi identities (A.9). We conclude that
Sij = −φ¯ Gij , S¯ij = −φGij , (3.26)
where φ is some chiral scalar.
Furthermore, in accordance with eq. (A.3b), the consistency condition for Gij
being both chiral and antichiral reads
0 = {Diα, D¯β˙j}G
kl = −2iδijDαβ˙G
kl + 8Gαβ˙J
i
jG
kl − 4iδijG
mn
αβ˙
JmnG
kl . (3.27)
This implies
Gαα˙ = 0 , (3.28)
as well as
Dαα˙G
ij = 4G
k(i
αα˙G
j)
k . (3.29)
This last condition is quite interesting. If we now use the SU(2)R gauge freedom to
fix Gij to a constant unit isovector, we find
−2Φαα˙
k(iG
j)
k = 4G
k(i
αα˙G
j)
k (3.30)
which implies that the vector SU(2)R connection is −2G
ij
αα˙ up to terms which are
proportional to Gij .
Thus we have some rather interesting structure.1 Imposing the super-Weyl gauge
(3.19) eliminates Gαα˙ and Yαβ, as well as implying the relation (3.26) for chiral φ.
In fact, the field φ is actually reduced chiral. Making use of the algebra of covariant
derivatives as well as the dimension-3/2 Bianchi identities (A.9), one may show that
(in this gauge)
DijS¯
kl − D¯ijS
kl = −4SijS¯
kl + 4SklS¯ij . (3.31)
Contracting with Gkl/2 gives
Dijφ− D¯ijφ¯ = −4Sijφ+ 4S¯ijφ¯ (3.32)
1An analogue of the super-Weyl gauge (3.19) naturally occurs in N = 3 and N = 4 supergravity
in three dimensions [35]. Implications of such a gauge fixing are highly nontrivial in the case of
N = 4 supergravity.
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which shows φ to indeed be reduced chiral.
This formulation allows us to show that (3.12) is indeed (3.10) and that this is
reduced chiral. Equality follows since both expressions have identical super-Weyl
transformation properties and reduce in the gauge G2 = 1 to
W = −
1
2
S¯ijG
ij = φ . (3.33)
Moreover, since φ is reduced chiral, both (3.10) and (3.12) must be as well, since W
changes as a primary field under the super-Weyl transformations,
δσW = σW . (3.34)
4 Self-interacting tensor multiplets
The improved tensor multiplet is the unique super-Weyl invariant action available
which involves a single tensor multiplet. In the case of several tensor multiplets G++A ,
we can consider a locally supersymmetric and super-Weyl invariant action generated
by the Lagrangian
L++ = G++A F
A(G++B ) , (4.1)
where FA is a homogeneous function of degree zero, FA(cG++B ) = F
A(G++B ). This
Lagrangian is simply a superposition of several terms of the form (2.4). Associated
with this Lagrangian are reduced chiral superfields
W
A =
1
8π
∮
C
vidvi
(
(D¯−)2 + 4S¯−−
)
FA(G++B ) . (4.2)
Evaluating the derivatives on FA is a nearly identical procedure to what we considered
in the previous section with a single tensor superfield. It is straightforward to find
W
A =
1
3
FA,BM¯B +
4
9
FA,B,Cij χ¯
i
Bχ¯
j
C , (4.3)
where χ¯iB and M¯B are defined as in (3.6a) and (3.6b), with G
ij replaced by GijB, and
FA,B ≡
1
8π
∮
C
vidvi
∂FA
∂G++B
, (4.4)
FA,B,Cij ≡
1
8π
∮
C
vkdvk vivj
∂2FA
∂G++B ∂G
++
C
. (4.5)
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It is worth noting that the second of these expressions can be written as
FA,B,Cij =
∂FA,B
∂GijC
. (4.6)
The reduced chiral superfield (4.3) was first constructed a few years ago by de Wit
and Saueressig [30]. They considered FA,B as a general function obeying certain
consistency conditions and defined FA,B,Cij via (4.6). Here we will show that their
consistency conditions are indeed satisfied by the construction (4.4).
The first set of consistency conditions are
FA,B,Cij = F
A,C,B
ij , ǫ
jkFA,B,Cij
D
kl = 0 (4.7)
and it is very easy to see that these are satisfied by (4.5). The first of them is trivial,
while the second follows from
FA,B,Cij
D
kl =
1
8π
∮
C
vmdvm vivjvkvl
∂3FA
∂G++B ∂G
++
C ∂G
++
D
(4.8)
and the property that ǫjkvjvk = 0.
The second set of conditions, required for the superconformal case, are2
FA,B,CikG
ki
C = −F
A,B , (4.9)
FA,B,Ck(iGC
k
j) = 0 . (4.10)
The first of these follows from the fact that FA is a homogeneous function of degree
zero and so
∂FA
∂G++C
G++C = 0 . (4.11)
Taking a derivative with respect to G++B , we find
∂2FA
∂G++B ∂G
++
C
G++C = −
∂FA
∂G++B
. (4.12)
Then (4.9) follows since
FA,B,CikG
ki
C =
1
8π
∮
C
vkdvkG
++
C
∂2FA
∂G++B ∂G
++
C
= −FA,B (4.13)
2These were originally written in [30] as a single equation, but here we will consider them sepa-
rately.
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using (4.12). To prove (4.10) is a little trickier. One may begin by introducing a fixed
isotwistor ui and writing the condition as u
iujFA,B,CkiGCkj = 0. Then we note that
uiujFA,B,CkiGC
k
j =
1
8π
∮
C
vkdvk u
iujvivkGC
k
j
∂2FA
∂G++B ∂G
++
C
=
1
8π
∮
C
vkdvk (v, u)
2G+−C
∂2FA
∂G++B ∂G
++
C
=
1
16π
∮
C
vkdvk ∂
−−
(
(v, u)2
∂FA
∂G++B
)
(4.14)
The right-hand side is a total contour derivative and so it must vanish, which implies
(4.10).
5 Adding O(2n) multiplets
In this section we construct reduced chiral multiplets out of O(2n) multiplets.
5.1 The case of a single O(2n) multiplet
We consider next a more general projective Lagrangian of the form
L++ =
Q(2n)
(G++)n−1
= G++
Q(2n)
(G++)n
. (5.1)
where Q(2n) is a real covariant O(2n) multiplet [3] having the functional form
Q(2n) = Qi1···i2nvi1 · · · vi2n , (Q
i1···i2n)∗ = Qi1···i2n (5.2)
and obeying the analyticity constraints
D+αQ
(2n) = D+α˙Q
(2n) = 0 . (5.3)
We note that Q(2) ≡ Q++ is a tensor multiplet.
The reduced chiral superfield which we construct from (5.1) is
Wn =
1
8π
∮
C
vidvi
(
(D¯−)2 + 4S¯−−
)( Q(2n)
(G++)n
)
. (5.4)
Expanding this out gives
Wn =
1
8π
∮
C
vidvi
{
(D¯−)2Q(2n)
(G++)n
− 2n
D¯−α˙Q
(2n)D¯α˙−G++
(G++)n+1
− nQ(2n)
(D¯−)2G(2)
(G++)n+1
+ n(n+ 1)Q(2n)
D¯−α˙G
++D¯α˙−G++
(G++)n+2
+ 4S¯−−
Q(2n)
(G++)n
}
. (5.5)
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As before, it turns out that all of the explicit u-dependence in this expression can
be removed using the analyticity properties. For a general O(2n) multiplet, it is a
straightforward exercise to show that
D¯−α˙Q
(2n) =
2n
2n + 1
η¯
(2n−1)
α˙ , (5.6a)
(D¯−)2Q(2n) + 8nS−−Q(2n) − 4S−+∂−−Q(2n) =
(
2n− 1
2n+ 1
)
H¯(2n−2) , (5.6b)
where
η¯α˙(2n−1) := D¯α˙kQ
k i1···i2n−1vi1 · · · vi2n−1 , (5.7a)
H¯(2n−2) :=
(
D¯jk + 4(2n+ 1)S¯jk
)
Qjk i1···i2n−2vi1 · · · vi2n−2 . (5.7b)
These are, of course, generalizations of equations in subsection 3.1 involving the O(2)
multiplet G++. We will need those other results, too. Applying these relations, we
find
Wn =
1
8π
∮
C
vidvi
{
2n− 1
2n+ 1
H¯(2n−2)
(G++)n
−
8n2
3(2n+ 1)
η¯(2n−1)χ¯+
(G++)n+1
−
n
3
M¯
Q(2n)
(G++)n+1
+
4n(n+ 1)
9
Q(2n) χ¯+χ¯+
(G++)n+2
}
, (5.8)
where we have again eliminated a total derivative term
−
1
8π
∮
C
vidvi ∂
−−
(
4S−+
Q(2n)
(G++)n
)
= 0 . (5.9)
Now we apply eq. (D.20) to each of the four terms in (5.8). The result is a rather
unwieldy expression:
Wn = −
(2n)!
22n+1 (n!)2
{
n
2(2n+ 1)
H¯i1···i2n−2G(i1i2 · · ·Gi2n−3i2n−2)
G2n−1
−
2n2
3(2n+ 1)
η¯i1···i2n−1χ¯i2nG(i1i2 · · ·Gi2n−1i2n)
G2n+1
−
n
12
M¯Qi1···i2nG(i1i2 · · ·Gi2n−1i2n)
G2n+1
+
n(2n+ 1)
18
Qi1···i2nχ¯i2n+1χ¯i2n+2G(i1i2 · · ·Gi2n+1i2n+2)
G2n+3
}
. (5.10)
However, as with the improved tensor action, there is a simpler, more compact ex-
pression which is equivalent to this one:
Wn = −
(2n)!
22n+2 (n+ 1)!(n− 1)!
G (D¯ij + 4S¯ij)R
ij
n , (5.11)
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where
Rijn =
(
δijkl −
1
2G2
GijGkl
)
Qkl i1···i2n−2Gi1i2 · · ·Gi2n−3i2n−2G
−2n . (5.12)
The expression for Wn has an overall structure quite similar to the improved tensor
action result (3.12), except the argument Rijn of the derivative is much more compli-
cated.
Thankfully, many of these complications may be easily understood. The factor in
parentheses in (5.12) is simply an orthogonal projector on the ij indices; it ensures in
particular that if we choose Q(2n) = (G++)n, we get Wn = 0, which follows trivially
from the contour integration. Furthermore, a nontrivial check on the combinatoric
factors of (5.11) can be made by considering the replacement Q(2n) → Q(2n−2)G++,
under which we ought to find Wn → Wn−1. (This is obvious by considering the
original expression (5.4) for Wn.) This is a straightforward combinatoric exercise, the
most difficult step of which is to make the replacement in (5.12) of Qkl i1···i2n−2 with
GklQi1···i2n−2
2n2 − n
+
2n− 2
2n2 − n
(
Gk(i2n−2Qi1···i2n−3) l +Gl(i2n−2Qi1···i2n−3) k
)
+
(n− 1)(2n− 3)
2n2 − n
G(i2n−3i2n−2Qi1···i2n−4) kl . (5.13)
The first term vanishes when contracted with the orthogonal projector. The second
and third terms, when contracted with G(i1i2 · · ·Gi2n−3i2n−2)G
−2n sum to
2(n2 − 1)
2n2 − n
Qkl i1···i2n−4G(i1i2 · · ·Gi2n−5i2n−4)G
−2(n−1) (5.14)
the numeric prefactor of which is exactly right to convert the expression for Wn to
that of Wn−1.
Our O(2n) multiplet Q(2n) may be an independent dynamical variable. If n > 1,
it may be chosen instead to be a composite field. For instance, we can choose Q(2n) =
Q(2m)1 Q
(2n−2m)
2 , with Q
(2m)
1 and Q
(2n−2m)
2 being O(2m) and O(2n − 2m) multiplets
respectively, m = 1, . . . , n− 1. Another option is to realize Q(2n) as a product of n
tensor multiplets H++A ,
Q(2n) = H++1 . . .H
++
n . (5.15)
In the case n = 2 choosing Q(4) = (H++)2 leads to the Lagrangian
L++ =
(H++)2
G++
(5.16)
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which is a curved-superspace version of that proposed in [36, 37] to describe the
classical universal hypermultiplet [38]. Using that result, we have
1
8π
∮
C
vidvi
(
(D¯−)2 + 4S¯−−
)(H++
G++
)2
= −
G
16
(D¯ij + 4S¯ij)R
ij
2 , (5.17)
where
Rij2 =
1
G4
(
δijkl −
1
2G2
GijGkl
)
H(klHmn)Gmn . (5.18)
In the simplest case case n = 1, Q(2) ≡ H++ we get
W1 =
1
8π
∮
C
vidvi
(
(D¯−)2 + 4S¯−−
)H++
G++
= −
G
16
(D¯ij + 4S¯ij)R
ij
1 , (5.19)
where
Rij1 =
1
G2
(
H ij −Gij
G ·H
G2
)
, G ·H :=
1
2
GklHkl . (5.20)
The reduced chiral scalar W1 is such that∫
d4x d4θ E ΨW1 + c.c. = 0 , (5.21)
as a consequence of the identity (see eq. (4.61) in [9])∮
C
vidvi
∫
d4x d4θ d4θ¯ E
WW¯
(Σ++)2
H++ = 0 . (5.22)
5.2 Generalization to several O(2n) multiplets
We consider next a more general projective Lagrangian constructed out of a set
of O(2nA) multiplets Q
(2nA)
A and at least one tensor multiplet G
++, specifically
L++ = G++F(Q(2nA)A ) . (5.23)
The function F is required to be a homogeneous function of degree zero in vi; this
implies
F(cnAQ(2nA)A ) = F(Q
(2nA)
A ) . (5.24)
This construction is a generalization of that presented in Section 4, which involved
only O(2) multiplets.3
3In Section 4, an index A was placed on the function F and the tensor multiplet G++ in the
corresponding construction (4.1) to match the notation in [30]. Here we leave such an index off and
consider only a single function F for simplicity.
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The reduced chiral superfield which we construct from (5.23) is
W =
1
8π
∮
C
vidvi
(
(D¯−)2 + 4S¯−−
)
F(Q(2nA)A ) . (5.25)
Expanding this out and applying (5.7a) and (5.7b) gives
W =
2nB − 1
2nB + 1
FAi1···i2nA−2H¯
i1···i2nA−2
A
+
(
2nA
2nA + 1
)(
2nB
2nB + 1
)
FABi1···i2(nA+nB−1) η¯
i1···i2nA−1
A η¯
i2nA ···i2(nA+nB−1)
B (5.26)
where
FAi1···i2nA−2 :=
1
8π
∮
C
vkdvk
∂F
∂Q(2nA)A
vi1 · · · vi2nA−2 , (5.27)
FABi1···i2(nA+nB−1) :=
1
8π
∮
C
vkdvk
∂2F
∂Q(2nA)A ∂Q
(2nB)
B
vi1 · · · vi2(nA+nB−1) (5.28)
are both totally symmetric in their isospin indices, and η¯A and H¯A are as defined in
(5.7a) and (5.7b) respectively, with Q replaced by QA. It is worth noting that the
second of these expressions can be written
FABi1···i2nA−2 j1···j2nB =
∂FAi1···i2nA−2
∂Q
j1···j2nB
B
. (5.29)
6 Discussion
In this paper we have proposed a construction to generate reduced chiral super-
fields from covariant projective multiplets, including tensor multiplets, O(2n) mul-
tiplets, etc. It is given by the relation (2.11). In conjunction with the standard
construction to derive N = 2 linear multiplets from vector ones, eq. (1.9), we are
now able to generate nontrivial higher derivative couplings. For simplicity, we illus-
trate the idea by considering models with vector and tensor multiplets.
We can start from a system of tensor multiplets G++A , where A = 1, . . . , n, and
introduce a function Ftensor(G
++
A ) which is homogeneous of degree zero,
G++A
∂
∂G++A
Ftensor = 0 . (6.1)
Then the following superfield
W =
1
8π
∮
C
vidvi
(
(D¯−)2 + 4S¯−−
)
Ftensor(G
++
A ) (6.2)
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is reduced chiral, in accordance with the consideration in section 2.
As a next step, we consider two types of reduced chiral superfields WI and WIˆ .
Here WI is the field strength of a physical vector multiplet, while WIˆ is a composite
field strength of the form (6.2). We introduce a function Fchiral(WI ,WJˆ) which is
homogeneous of degree one(
W I
∂
∂W I
+WJˆ
∂
∂WJˆ
)
Fchiral = Fchiral (6.3)
Then the superfield
G
++ =
1
4
(
(D+)2 + 4S++
)
Fchiral(WI ,WJˆ) + c.c. (6.4)
is an O(2) multiplet.
Now, the two procedures described can be repeated. We can consider two types
of O(2) multiplets, tensor multiplets G++A and composite ones G
++
Bˆ
by the rule (6.4).
We next pick a function of these multiplets, FO(2)(G
++
A ,G
++
Bˆ
), which is homogeneous
of degree zero, (
G++A
∂
∂G++A
+G++
Bˆ
∂
∂G++
Bˆ
)
FO(2) = 0 . (6.5)
Using this function, we generate the following reduced chiral superfield
W =
1
8π
∮
C
vidvi
(
(D¯−)2 + 4S¯−−
)
FO(2)(G
++
A ,G
++
Bˆ
) . (6.6)
Next, we can make use of this reduced scalar to derive new linear multiplets, and so
on and so forth.
Each of the two constructions employed adds two spinor derivatives (or one vector
derivative). This differs from a more traditional way (see, e.g., [11] and references
therein) to generate higher derivative structures using the chiral projection operator
∆¯, eq. (B.4). We recall that given a scalar, isoscalar and U(1)R-neutral superfield
U(z), which is inert under the super-Weyl transformations, its descendant ∆¯U has
the properties
J∆¯U = −4∆¯U , D¯α˙i ∆¯U = 0 , δσ∆¯U = 2σ∆¯U , (6.7)
where δσ∆¯U denotes the super-Weyl variation of ∆¯U . Given a vector multiplet W
such that W is nowhere vanishing, we can define the chiral scalar W−2∆¯U which is
neutral under the local U(1)R and the super-Weyl transformations. The latter super-
field can be used to construct an antichiral superfield of the form W¯−2∆(W−2∆¯U),
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which is neutral under the local U(1)R and the super-Weyl transformations, and so
on and so forth.4
Using these chiral operators, one may construct higher derivative actions involving
chiral Lagrangians. However, it is usually possible to convert the chiral Lagrangian,
which involves an integral over the chiral subspace, into an integral over the whole
superspace by eliminating one of the chiral projection operators. Schematically, if
Lc = Φ∆¯U for some chiral superfield Φ and a well-defined local and gauge-invariant
operator5U , then ∫
d4x d4θ E Φ∆¯U =
∫
d4x d4θ d4θ¯ E ΦU . (6.8)
Thus, higher derivative actions of this type are invariably most naturally written as
integrals over the entire superspace and are not intrinsically chiral. This has impor-
tant ramifications for perturbative calculations, where non-renormalization theorems
place strong restrictions on intrinsic chiral Lagrangians.
The constructions we are considering are interesting partly because they are higher
derivative terms which cannot be written as full superspace integrals, at least not
without introducing prepotentials. As an example, let us choose the Lagrangian L++
in (2.2) as L++ = G++FO(2)(G
++
A ,G
++
Bˆ
), where G++ is given by eq. (6.4). Upon
integration by parts we get
I =
1
2π
∮
C
vidvi
∫
d4x d4θ d4θ¯ E
W¯
Σ++
Ω , (6.9)
where we have defined the composite Lagrangian
Ω(WI ,WJˆ , G
++
A ,G
++
Bˆ
) := Fchiral(WI ,WJˆ)FO(2)(G
++
A ,G
++
Bˆ
) . (6.10)
The specific feature of this Lagrangian is that it obeys the single constraint
D¯+α˙Ω = 0 . (6.11)
Although we have written (6.9) as an integral over the full superspace, this is really
the locally supersymmetric generalization6 of the globally supersymmetric action
Irigid = −
1
8π
∮
C
vidvi
∫
d4x (D¯−)2D4Ω , D¯+α˙Ω = 0 , (6.12)
4This is a generalization of the construction [39] of rigid superconformal invariants containing
Fn, with F the electromagnetic field strength.
5It is important to assume that U is a well-defined local and gauge-invariant operator and not,
for example, a prepotential; else, any chiral action may be rewritten as an integral over the full
superspace in this way.
6This way of writing Lagrangians over subspaces in terms of the full superspace is familiar from
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where the spinor derivatives may be understood as arising from an integration over
six Grassmann coordinates. For a large class of such Lagrangians, this action cannot
be rewritten as an integral over the whole superspace of eight Grassmann coordi-
nates without the introduction of prepotentials. As with N = 1 theories, this has
implications for non-renormalization theorems.
We should point out that special holomorphic three-derivative contributions to
N = 2 supersymmetric Yang-Mills effective actions, which are given as an integral
over 3/4 of superspace, have been discussed in the literature [43].
The results of this paper allow us to obtain a simple form for the projective-
superspace action [2] of the minimal formulation for N = 2 Poincare´ supergravity
with vector and tensor compensators [31]. Using the techniques developed, the gauge-
invariant supergravity action can be written as
SSUGRA =
1
κ2
∫
d4x d4θ E
{
ΨW−
1
4
W 2 +mΨW
}
+ c.c.
=
1
κ2
∫
d4x d4θ E
{
ΨW−
1
4
W 2
}
+ c.c. +
m
κ2
∫
d4x d4θ d4θ¯ E GijVij ,(6.13)
W := −
G
8
(D¯ij + 4S¯ij)
(
Gij
G2
)
,
where κ is the gravitational constant, m the cosmological constant, W is given by
eq. (3.12), and Vij is the Mezincescu prepotential (E.7). Within the projective-
superspace approach of [1, 2, 3], this action is equivalently given by (2.2) with the
following Lagrangian
κ2 L++SUGRA = G
++ ln
G++
iΥ+Υ˘+
−
1
2
V Σ++ +mV G++ , (6.14)
with V the tropical prepotential for the vector multiplet, and Υ+ a weight-one arc-
tic multiplet (both Υ+ and its smile-conjugate Υ˘+ are pure gauge degrees of free-
dom). The first term in the right-hand side of (6.14) is (modulo sign) the locally
supersymmetric version of the projective-superspace Lagrangian for the improved
tensor multiplet constructed in [5]. The fact that the vector and the tensor multi-
plets are compensators means that their field strengths W and Gij should possess
non-vanishing expectation values, that is W 6= 0 and G ≡
√
1
2
GijGij 6= 0. These
N = 1 superspace, where there are two ways to write chiral actions, either as an integral over the chi-
ral subspace [40],
∫
d4xd2θ E Lc, or as an integral over the full superspace [41, 42],
∫
d4xd2θ d2θ¯E
R
Lc.
Eq. (6.9) is analogous to the second of these forms, and so is the projective action (2.2). The locally
supersymmetric version of (6.12), analogous to the first form, has not yet been written down within
the approach of [1, 2, 3].
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conditions are consistent with the equations of motion for the gravitational superfield
(see [34] for a recent discussion)
G−WW¯ = 0 . (6.15)
The equations of motion for the compensators are
Σ++ −mG++ = 0 , (6.16a)
W+mW = 0 . (6.16b)
A remarkable feature of the supergravity action (6.13) is that its reduction to
component fields can readily be carried out using the technique developed in [44].
If the multiplet of conformal supergravity is considered as a curved superspace
background, the action (6.13) describes (modulo sign) a massive vector multiplet or
a massive tensor multiplet [2]. The rigid superspace limit of (6.13) was introduced
for the first time by Lindstro¨m and Rocˇek using N = 1 superfields [32]. Their
construction was immediately generalized to N = 2 superspace [27] as a simple
extension (D¯ijG
ij → W) of the massive N = 2 tensor multiplet model proposed
earlier by Howe, Stelle and Townsend [20]. More variant models for massive N = 2
tensor multiplets can be found in [45] .
The super-Weyl gauge freedom of (6.13) can used to fix G = 1. The geometric
implications of such a gauge fixing have been spelled out in subsection 3.2. Since
W 6= 0, the local U(1)R freedom allows us to impose the gauge W − W¯ = 0.
The supergravity theory with Lagrangian (6.14) possesses a dual formulation de-
scribed solely in terms of a chiral scalar Ψ and its conjugate Ψ¯ [2]. Using the tech-
niques developed in the present paper, the dual formulation can be written as
SSUGRA =
1
κ2
∫
d4x d4θ E
{
ΨW+
1
4
µ(µ+ ie)Ψ2
}
+ c.c. , (6.17)
where m2 = µ2 + e2, with µ 6= 0. Here Ψ and its conjugate Ψ¯ are the only conformal
compensators. The action is super-Weyl invariant, with Ψ transforming as
δσΨ = σΨ , (6.18)
in spite of the presence of the mass term. Unlike common wisdom, we see that N =
2 Poincare´ supergravity can be realized without a compensating vector multiplet.7
7The vector multiplet has been eaten up by the tensor multiplet which is now massive. The vector
compensator acts as a Stu¨ckelberg field to give mass to the tensor multiplet. This is an example of
the phenomenon observed originally in [46] and studied in detail in [47, 48, 49, 50, 51, 45, 2, 52].
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The complex mass parameter in (6.17) can be interpreted to have both electric and
magnetic contributions which are associated with the two possible mass terms B∧ ∗B
and B∧B for the component two-form B (see, e.g, [49] for a pedagogical discussion).
The action (6.17) leads to the following equation of motion for Ψ
W+
1
2
µ(µ+ ie)Ψ = 0 . (6.19)
Provided eq. (6.19) holds, the equation of motion for the gravitational superfield is
G− µ2ΨΨ¯ = 0 , (6.20)
compare with (6.16b). The latter implies that Ψ is nowhere vanishing on-shell. We
therefore are allowed to impose the super-Weyl gauge G = 1 and fix the local U(1)R
symmetry as Ψ− Ψ¯ = 0.
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A Geometry of conformal supergravity
This section is taken essentially verbatim from [3].
We give a summary of the superspace geometry for N = 2 conformal supergravity
which was originally introduced in [14], as a generalization of [17], and later elaborated
in [3]. A curved four-dimensional N = 2 superspace M4|8 is parametrized by local
coordinates zM = (xm, θµı , θ¯
ı
µ˙), where m = 0, 1, · · · , 3, µ = 1, 2, µ˙ = 1, 2 and ı = 1, 2.
The Grassmann variables θµı and θ¯
ı
µ˙ are related to each other by complex conjugation:
θµı = θ¯µ˙ı. The structure group is SL(2,C) × SU(2)R × U(1)R, with Mab = −Mba,
Jij = Jji and J be the corresponding Lorentz, SU(2)R and U(1)R generators. The
covariant derivatives DA = (Da,Diα, D¯
α˙
i ) ≡ (Da,Dα, D¯
α˙) have the form
DA = EA +
1
2
ΩA
bcMbc + Φ
kl
A Jkl + iΦA J
= EA + ΩA
βγ Mβγ + ΩA
β˙γ˙ M¯β˙γ˙ + Φ
kl
A Jkl + iΦA J . (A.1)
Here EA = EA
M∂M is the supervielbein, with ∂M = ∂/∂z
M , ΩA
bc is the Lorentz
connection, ΦA
kl and ΦA are the SU(2)R and U(1)R connections, respectively.
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The Lorentz generators with vector indices (Mab) and spinor indices (Mαβ =Mβα
and M¯α˙β˙ = M¯β˙α˙) are related to each other by the standard rule:
Mab = (σab)
αβMαβ − (σ˜ab)
α˙β˙M¯α˙β˙ , Mαβ =
1
2
(σab)αβMab , M¯α˙β˙ = −
1
2
(σ˜ab)α˙β˙Mab .
The generators of the structure group act on the spinor covariant derivatives as fol-
lows:8
[Mαβ ,D
i
γ] = εγ(αD
i
β) , [M¯α˙β˙ , D¯
i
γ˙] = εγ˙(α˙D¯
i
β˙)
,
[Jkl,D
i
α] = −δ
i
(kDαl) , [Jkl, D¯
α˙
i ] = −εi(kD¯
α˙
l) ,
[J,Diα] = D
i
α , [J, D¯
α˙
i ] = −D¯
α˙
i , (A.2)
Our notation and conventions correspond to [53].
The covariant derivatives obey the algebra
{Diα,D
j
β} = 4S
ijMαβ + 2ε
ijεαβY
γδMγδ + 2ε
ijεαβW¯
γ˙δ˙M¯γ˙δ˙
+2εαβε
ijSklJkl + 4YαβJ
ij , (A.3a)
{Diα, D¯
β˙
j } = −2iδ
i
j(σ
c)α
β˙Dc + 4
(
δijG
δβ˙ + iGδβ˙ ij
)
Mαδ + 4
(
δijGαγ˙ + iGαγ˙
i
j
)
M¯ γ˙β˙
+8Gα
β˙J ij − 4iδ
i
jGα
β˙klJkl − 2
(
δijGα
β˙ + iGα
β˙i
j
)
J , (A.3b)
[Da,D
j
β] = −i(σ˜a)
α˙γ
(
δjkGβα˙ + iGβα˙
j
k
)
Dkγ
+
i
2
(
(σa)βγ˙S
jk − εjk(σa)β
δ˙W¯δ˙γ˙ − ε
jk(σa)
α
γ˙Yαβ
)
D¯γ˙k
+
1
2
Ra
j
β
cdMcd +Ra
j
β
klJkl + iRa
j
β J . (A.3c)
Here the dimension-1 components of the torsion obey the symmetry properties
Sij = Sji , Yαβ = Yβα , Wαβ = Wβα , Gαα˙
ij = Gαα˙
ji (A.4)
and the reality conditions
Sij = S¯ij , Wαβ = W¯α˙β˙ , Yαβ = Y¯α˙β˙ , Gβα˙ = Gαβ˙ , Gβα˙
ij = Gαβ˙ij . (A.5)
The U(1)R charges of the complex fields are:
JSij = 2Sij , J Yαβ = 2Yαβ , JWαβ = −2Wαβ , JW = −2W . (A.6)
8The (anti)symmetrization of n indices is defined to include a factor of (n!)−1.
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The dimension-3/2 components of the curvature appearing in (A.3c) have the follow-
ing explicit form:
Ra
j
βcd = −i(σd)β
δ˙Tac
j
δ˙
+ i(σa)β
δ˙Tcd
j
δ˙
− i(σc)β
δ˙Tda
j
δ˙
, (A.7a)
Rαα˙
j
β
kl = −iεj(kD¯l)α˙Yαβ − iεαβε
j(kD¯δ˙l)W¯α˙δ˙ −
i
3
εαβε
j(kD¯α˙qS
l)q
+
4
3
εj(kD(αqGβ)α˙
l)q +
2
3
εαβε
j(kDδqGδα˙
l)q , (A.7b)
Rαα˙
j
β = −D
j
βGαα˙ +
i
3
D(αkGβ)α˙
jk +
i
2
εαβD
γ
kGγα˙
jk . (A.7c)
The right-hand side of (A.7a) involves the dimension-3/2 components of the torsion
which are expressed in terms of the dimension-1 tensors as follows:
Tab
k
γ˙ ≡ (σab)
αβTαβ
k
γ˙ − (σ˜ab)
α˙β˙Tα˙β˙
k
γ˙ , (A.8a)
Tαβ
k
γ˙ = −
1
4
D¯kγ˙Yαβ +
i
3
Dl(αGβ)γ˙
k
l , (A.8b)
Tα˙β˙
k
γ˙ = −
1
4
D¯kγ˙W¯α˙β˙ −
1
6
εγ˙(α˙D¯β˙)lS
kl −
i
3
εγ˙(α˙D
δ
qGδβ˙)
kq . (A.8c)
The dimension-3/2 Bianchi identities are:
D(iαS
jk) = 0 , D¯(iα˙S
jk) = iDβ(iGβα˙
jk) , (A.9a)
DiαW¯β˙γ˙ = 0 , (A.9b)
Di(αYβγ) = 0 , D
i
αSij +D
β
j Yβα = 0 , (A.9c)
D(i(αGβ)β˙
jk) = 0 , (A.9d)
DiαGββ˙ = −
1
4
D¯i
β˙
Yαβ +
1
12
εαβD¯β˙jS
ij −
1
4
εαβD¯
γ˙iW¯γ˙β˙ −
i
3
εαβD
γ
jGγβ˙
ij .(A.9e)
B Chiral projection operator
Actions in N = 2 supergravity may be constructed from integrals over the full
superspace ∫
d4x d4θ d4θ¯ E L (B.1)
or integrals over a chiral subspace∫
d4x d4θ E Lc , D¯
α˙
i Lc = 0 (B.2)
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with E the chiral density. Just as in N = 1 superspace, actions of the former type
may be rewritten as the latter using a covariant chiral projection operator ∆¯ [18],∫
d4x d4θ d4θ¯ E L =
∫
d4x d4θ E ∆¯L . (B.3)
The covariant chiral projection operator is defined as
∆¯ =
1
96
(
(D¯ij + 16S¯ij)D¯ij − (D¯
α˙β˙ − 16Y¯ α˙β˙)D¯α˙β˙
)
=
1
96
(
D¯ij(D¯
ij + 16S¯ij)− D¯α˙β˙(D¯
α˙β˙ − 16Y¯ α˙β˙)
)
. (B.4)
Its fundamental property is that ∆¯U is covariantly chiral, for any scalar, isoscalar
and U(1)R-neutral superfield U(z),
D¯α˙i ∆¯U = 0 . (B.5)
A detailed derivation of the relation (B.3) can be found in [9].
It follows from the explicit structure of the chiral projection operator that∫
d4x d4θ d4θ¯ E Φ = 0 , (B.6)
for any covariantly chiral scalar Φ of zero U(1)R charge, D¯α˙i Φ = JΦ = 0.
C Isotwistors and projective superspace
In this paper, our isotwistor notation and conventions differ slightly from those
adopted in [1, 2, 3], but agree with those used in [54].
Associated with any completely symmetric SU(2) tensor V i1···in = V (i1···in) is a
superfield V (n) obeying
V (n) = V i1···invi1 · · · vin , (C.1)
with the (n) superscript referring to the degree of homogeneity in the isotwistor
parameter vi. We often have need to introduce an additional isotwistor ui, which is
linearly independent of vi
(v, u) = vkuk = ǫ
kjvjuk 6= 0 (C.2)
in terms of which we may define new isotwistors V (n−m,m)
V (n−m,m) = V i1···invi1 · · · vin−m
uin−m+1
(v, u)
· · ·
uin
(v, u)
(C.3)
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with degree n − 2m. For the cases of n = 1 and n = 2, we will use a more compact
notation involving + and −:
V + = V ivi, V
− = V i
ui
(v, u)
(C.4)
V ++ = V ijvivj , V
+− = V ijvi
uj
(v, u)
, V −− = V ij
uiuj
(v, u)2
(C.5)
Because the covariant derivatives of N = 2 superspace have isospin indices we
may identify
D+α = viD
i
α , D¯
+
α˙ = viD¯
i
α˙ (C.6)
D−α =
ui
(v, u)
Diα , D¯
−
α˙ =
ui
(v, u)
D¯iα˙ (C.7)
It will be useful to introduce derivative operations on the isotwistors themselves,
∂
−− =
1
(v, u)
ui
∂
∂vi
, ∂++ = (v, u) vi
∂
∂ui
(C.8)
which have the properties that
∂
++V (n−m,m) = mV (n−m+1,m−1), ∂−−V (n−m,m) = (n−m)V (n−m−1,m+1) . (C.9)
For those knowledgable of harmonic superspace [22], the above definitions will
seem familiar. They can be derived from corresponding objects in harmonic super-
space by the formal replacements
u+i → vi , u
−
i →
ui
(v, u)
. (C.10)
The difference from the harmonic superspace definitions is that the isotwistor vi is
not normalized, and ui is not related to v
i by complex conjugation.
D Contour integrals in CP 1
In this paper, we have need to evaluate contour integrals of the general form
Cn =
∮
C
vidvi
Ω(2n−2)
(G++)n
. (D.1)
In this expression Ω(2n−2) is some homogeneous function of degree 2n − 2 in the
variable isotwistor vi, degree zero in the fixed isotwistor ui, and obeying the analyticity
constraints
D+αΩ
(2n−2) = D+α˙Ω
(2n−2) = 0 . (D.2)
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We further assume that the contour encloses a region where the only singularities are
those arising from the (G++)n factor in the denominator.
Under these assumptions, the contour may be evaluated using a trick familiar
from twistor theory. We write Gij = iω(iω¯j) in terms of isotwistors ωi and ω¯j. Then
G2 =
1
2
GijGij =
1
4
(ωjω¯j)
2 =⇒ G =
1
2
ωjω¯j (D.3)
since the reality of Gij implies ω¯j = (ω
j)∗. So long as G is nonzero, ωj and ω¯j
are linearly independent isotwistors, in terms of which the contour integral may be
written
Cn =
∮
C
vidvi
(iω+ω¯+)n
Ω(2n−2) , (D.4)
where
ω+ = ωivi, ω¯
+ = ω¯ivi . (D.5)
The pole in the contour appears when either ω+ or ω¯+ vanishes – that is, when either
vi ∝ ωi or ω¯i. Because G 6= 0, these poles are distinct and we can consider their
residues separately.
Without loss of generality, we will restrict to the case where the contour encircles
ωi. The nth order pole may be converted to a first order pole using the relation
(∂−−)j
1
ω+
=
(−1)jj!(ω−)j
(ω+)j+1
(D.6)
where
∂
−− ≡
ui
(v, u)
∂
∂vi
(D.7)
ω− ≡
ωiui
(v, u)
(D.8)
and applying integration by parts. To do this, we first rewrite the contour integral
using (D.6):
Cn =
(−1)n−1
(n− 1)!
∮
C
vidvi
1
(ω−)n−1
(
(∂−−)n−1
1
ω+
)
Ω(2n−2)
(i ω¯+)n
. (D.9)
Next we would like to flip each of the ∂−− operators off the pole. For this step to
be valid, we must check that the total derivative terms actually do vanish. Each of
them has the form ∮
C
vidvi ∂
−−F (D.10)
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where F = F(v, u) is a function of degree zero in the isotwistors vi and ui sepa-
rately. Because of the homogeneity property, we may trade vi and ui for projective
coordinates ζ and ξ where
vi = v1(1, ζ), ui = u1(1, ξ) (D.11)
with F depending only on ζ and ξ, and the contour integral rewritten as∮
C
vidvi ∂
−−F =
∮
C
dζ ∂ζF =
∮
C
dt ζ˙ ∂ζF , (D.12)
where in the second equality we have parametrized the contour with a real variable
t. Because ui is fixed, ξ is independent of t and the integrand is a total derivative in
t, so the contour vanishes.
Noting that the operator ∂−− annihilates ω−, the term generated by integrating
by parts is9
Cn =
1
(n− 1)!
∮
C
vidvi
ω+
1
(ω−)n−1
(∂−−)n−1
(
Ω(2n−2)
(i ω¯+)n
)
. (D.13)
In evaluating the ∂−−’s on their argument, we would like to eliminate all terms coming
from ∂−− hitting the ω¯+ factors in the denominator. This is possible if we choose
ui = ω¯i:
Cn =
1
(n− 1)!
∮
C
vidvi
ω+
(
(∂−−)n−1Ω(2n−2)
(ω−)n−1(i ω¯+)n
) ∣∣∣
ui=ω¯i
. (D.14)
Having reduced our expression to a first order pole, we now apply the residue
theorem. Given a contour integral∮
C
vidvi
ωjvj
F−(v) , (D.15)
with F− a homogeneous function of vi of degree −1 which is nonsingular at vi ∝ ωi,
we may rewrite it in terms of the inhomogeneous coordinate ζ = v2/v1. If we exploit
the freedom to choose v1 = w1, then
vi = w1(1, ζ) . (D.16)
This leads to ∮
C
dζ
−ω2/ω1 + ζ
F−(w1(1, ζ)) = 2πiF−(ωi) . (D.17)
9There is a subtlety in this procedure. ∂−− annihilates 1/ω− only if ui is chosen to be linearly
independent of ωi. This is analogous to functions of a single complex variable where ∂¯ (z−z0)−1 = 0
only for z 6= z0.
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We have assumed the contour to be evaluated in a counterclockwise fashion, but in
principle the opposite sign may also arise.
Applying this result to (D.14) gives
Cn =
2πi
(n− 1)!
(
(∂−−)n−1Ω(2n−2)
(ω−)n−1(i ω¯+)n
) ∣∣∣
ui=ω¯i,vi=ωi
.
The terms in the denominator may be simplified by noting that
ω¯+ = −2G, ω− = 1
giving
Cn ≡
∮
C
vidvi
Ω(2n−2)
(G++)n
=
2π in+1
(n− 1)!(2G)n
(
(∂−−)n−1Ω(2n−2)
) ∣∣∣
v¯i=ω¯i,vi=ωi
. (D.18)
For the cases of interest to us, Ω(2j) is of the form Ωi1···i2jvi1 · · · vi2j . Then ∂
−−
may be evaluated explicitly to give
(∂−−)jΩ(2j) =
1
(v, u)j
(2j)!
j!
Ωi1···i2jv(i1 · · · vijuij+1 · · ·ui2j)
=
(−i)j(2j)!
2jj!
Ωi1···i2jG(i1i2 · · ·Gi2j−1i2j)G
−j (D.19)
where we have taken vi = ωi and ui = ω¯i. This gives our main result
Cn = −
2π
22n−1
(2n− 2)!
(n− 1)!(n− 1)!
Ωi1···i2n−2G(i1i2 · · ·Gi2n−3i2n−2)G
−(2n−1) . (D.20)
E Prepotential formulations for vector multiplet
Within the projective-superspace approach of [1, 2, 3], the constraints on the
vector multiplet field strength W can be solved in terms of a real weight-zero tropical
prepotential V (vi) [8] as in eq. (1.4). Here we use this construction to introduce a
curved-superspace analogue of Mezincescu’s prepotential [19].
First of all, let us show how Mezincescu’s prepotential for the vector multiplet
can be introduced within standard superspace. For this a simple generalization of the
rigid supersymmetric analysis in [20] can be used. One begins with the first-order
action
S =
1
4
∫
d4x d4θ E WW +
1
4
∫
d4x d4θ¯ E¯ W¯W¯
−
i
8
∫
d4x d4θ d4θ¯ E
(
W(Dij + 4Sij)Vij − W¯(D¯
ij + 4S¯ij)Vij
)
, (E.1)
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where W is a covariantly chiral superfield, and V ij = V ji is an unconstrained real
SU(2) triplet acting as a Lagrange multiplier. Varying (E.1) with respect to Vij gives
W = W , where W obeys the Bianchi identity (1.1). As a result, the second term in
(E.1) drops out and we end up with the Maxwell action
S =
1
2
∫
d4x d4θ EWW . (E.2)
On the other hand, because the action (E.1) is quadratic inW, we may easily integrate
W out using its equation of motion
W = iWD , WD :=
1
4
∆¯(Dij + 4Sij)Vij . (E.3)
This leads to the dual action
S =
1
2
∫
d4x d4θ EWDWD . (E.4)
The dual field strength WD must be both reduced chiral and given by (E.3).
We now show how to construct the Mezincescu prepotential Vij within projective
superspace. One begins with the expression for W in terms of a weight-zero tropical
prepotential V (vi), eq. (1.4). The analyticity conditions on V may be solved in terms
of an unconstrained isotwistor superfield U (−4) (see [1] for the definition of isotwistor
superfields), which is real under the smile-conjugation, as follows
V =
1
16
(
(D¯+)2 + 4S¯++
)(
(D+)2 + 4S++
)
U (−4)
=
1
16
(
(D+)2 + 4S++
)(
(D¯+)2 + 4S¯++
)
U (−4) . (E.5)
Using this construction, one may write W , using the results of [9], as
W =
1
128π
∮
C
vidvi
(
(D¯−)2 + 4S¯−−
)(
(D¯+)2 + 4S¯++
)(
(D+)2 + 4S++
)
U (−4)
=
∆¯
8π
∮
C
vidvi
(
(D+)2 + 4S++
)
U (−4) (E.6)
where ∆¯ is the chiral projection operator (B.4). This may subsequently be rewritten
W =
∆¯
8π
(
Dij + 4Sij
) ∮
C
vkdvk vivj U
(−4)
=
1
4
∆¯
(
Dij + 4Sij
)
Vij , (E.7)
where we have defined the Mezincescu prepotential
Vij =
1
2π
∮
C
vkdvk vivj U
(−4) . (E.8)
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This construction for W is manifestly chiral due to the appearance of the projection
operator. To prove the Bianchi identity, one may start with (1.4) and replace the
dummy integration variable vi → vˆi and rewrite the expression for W in the form
W =
1
8π
∮
C
vˆidvˆi
(vˆ, u)2
uiuj
(
D¯ij + 4S¯ij
)
V (vˆ) . (E.9)
Since this expression does not depend on the constant isospinor ui, we can choose it
as ui ∝ vi, and then the last expression turns into
W =
(
(D¯+)2 + 4S¯++
)∮
C
vˆidvˆi
8π(vˆ, v)2
V (vˆ) . (E.10)
We now can check the fulfilment of the Bianchi identity:(
(D+)2 + 4S++
)
W −
(
(D¯+)2 + 4S¯++
)
W¯
=
[
(D+)2 + 4S++, (D¯+)2 + 4S¯++
] ∮
C
vˆidvˆi
8π(vˆ, v)2
V (vˆ) (E.11)
≡
[
(D+)2 + 4S++, (D¯+)2 + 4S¯++
]
Υ .
Since Υ is a Lorentz scalar and is neutral under U(1)R, we find[
(D++)2 + 4S++, (D¯++)2 + 4S¯++
]
Υ = 8(Dα+S¯++)D+αΥ− 8(D¯
+
α˙S
++)D¯α˙+Υ
+ 8i(Dα+G++αα˙ )D¯
α˙+Υ+ 8i(D¯α˙+G++αα˙ )D
α+Υ+ 4
(
(D+)2S¯++ − (D¯+)2S++
)
Υ (E.12)
vanishes when we apply some of the constraints (A.9),
D+α S¯
++ = iD¯α˙G++αα˙ , D¯
+
α˙ S¯
++ = iDαG++αα˙ . (E.13)
and make use of the algebra of covariant derivatives (A.3) to show
(D+)2S¯++ − (D¯+)2S++ = i{Dα+, D¯α˙+}G++αα˙ = 0 . (E.14)
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